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INTRODUCTION

A chapter was prepared for publication in the negf edition of Advonc._:’.es In Rﬁdiufion |
Biology entifled, “The Radiolegical Implications of Sfai-isffccni Vuriations.i'n'Enérgy'Depos‘ifion
by lonizing Radiations. ™ |

* The completed multiwire proportional counter has undergone ﬁi;elimiriﬁry testing in
the Iaborqfory us.ing a 212Po al phé source. All aspecis of its performance seem to be
satisfactory. |

Studies of the minimum defecfabil'ify which can be achieveci by .the digitized x=ray
fluoroscopy system have beéri completed. The studies were ‘coﬁducfed using thi.ck water
phanroms (10 em, 15 cm, .and 20 cm). These Iir.niis were detérmined for allﬁr‘n'im;m., ;:ir',: ' .
end thrée.concenrrutfons of Rénogroﬁﬁ-éo (10%, 25%, and 50%)-;

Pattern recognition programs have been developed for meosurémenr of gqil-;tone
volumt.as-, 'bronchi_didmeters, and vessel diameters. These can be used either wi’fb fllm or
by direcf'processing of the vicﬁleo‘ signal derived from a fluoroscopfc _screeri.

A large flat-screen (14% x 179 fluoroscopic image infensificqﬁon (x=ray) fystem
has been built and under'gbne preliminary testing. Performance and sensitivity is beffer‘
thar conventional systems:,

One experimental run was mc;de utilizing ‘rhe UCLA medical_cyciofrén for determining
DNA damage from protén‘irrqdiaﬁons. The beam was calibrated using an extfupqluri.on |
chamber ;r,o that direct comparison of these results wi th those obtained usfﬁg *-rqys can be
rﬁade on the basis of mc;croscopic exposures. _Tﬁese experimenfs are desighéd fo test a
radiobiologicaf r;r;odeiincorporaﬁng sfochostic‘fiuc-:maﬁons of energy dépps:ition for passage

of heavy charged particles through biologically significant sites.



RESEARCH SUMMARY

1. Mtcrodosamerry

The chapfer, "The qulological Impltcahons of Srahshcal Varlahons in Energy
Depos;hon by lonizing Radluhons , to be published in the new edmon of ADVANCES iN
RAD IATION‘ BIOLOGY M@Pﬁndlxﬁlgmﬁ should appear in June 1974.

- This chapter was written to emphasize the concepts and Aresulfs devaioped under the
sponsorehip of this grcnf in contrast to the hore traditional dosimetric concepts.

One rather large area requires detailed experimental sfu&y to cornpiere the physical

picture. This is o detailed study of the production of and coniributions due to s‘et:c.'»':dur')fr

| ‘ purflcle produchon generated by the pussuge of the prumary radlahou fhrough the site of

interest. To carry out rhese experiments a mulhware proporhonal counrer capuble of
simulating’ voiumes correspondmg to bnologlcal sites has been constructed und resfed in
the luboratory. Inmqlly, studies usmg redioachve sources will be conhnued in the luborurory
' Foilowmg these, we _mt_end to cairy out studies usm‘g the UCLA cyclol'ron which will
'provide} 27 MeV 3He," 22 MeV_ protons, 22 MeV .oz' porﬁcles} dand 1],MeV deuterons.
If sufficient funding is avdiiable ‘higher-ener‘gy particle beams 'quSlRE"L and qf Berkeley =
will be used. | | |

| The experimental results usi ng 45 MeV protons comparing frequency disfribuﬂons of
energy deposiﬁon for bone and n'nuscle were included as .Appendix A‘irn our semi*annual
report. "

2. Radiation Bioloaz

Our cooperative experimental progrufn involving Dr. K. Wheeler of UCSF has been
initiated. Profon irradiations at the UCLA cyclo.frdn have been curried out. These are
desngned to study the ratio of non-reparable to reparable damage in DNA as @ Funchon

of different energy depom tion pafterns generated by x rays vs. hequ fast churged purhcles.



_ Preliminary results indica‘re co‘nsiderable differences exist and these are what would be .

predicted from fhe energy deposatlon dlsfnbuhon funchons.

3. Rud(obiologtcal Models
The work done on such models is presented in parts 5 ¢nd 6 of Appendix 1.

4. Electronic Radiography

The use of the electronic rcdtography Sysl-em for drrect fluoroscopic romography
and for the synthés:s of mulhple planes has been described in Appendix B of fhe seml-unnuol
report. The use o{-' t’ms system for cufhng body sections fhrough orgqns in motlon should be
" of purhﬁular vaiue to' fhe NASA for cardlovcscular si'ud:esa
A cpmplefe study of the digitized system For detection dnd quan‘fitofio.n of-smdli
' changes‘ in tissue masses has been undertaken. The early \h_rork qu.desc_r-ib.ed in Appendix C

of the semi~annual report.

Another set of egperimerifs was designed to determine the chdll'u_c'teri;.s'fi‘cs of the
sysfeni"s resp6n§é to split fields huving d-ifFeren'r COI".Ii'I'QSfl levels and to determin..e the
minimum detectable contrast levels between the halves under- reahshc chmca! sﬂuuhons.
The exper'imental' set-up is shown in Fig. ¥. The fa'gef-fo-fablefop dlsfcmce was 40 inches.
The dimensions of fhe water phani-om were 50 cm x 30 cm x 50 cm. In all expenmenfs the
field size was ]0 cm x 10 cm at the tabletop. The absorbers or air cavities were placed so
as to cover half of the x -ray field and ce;\tered at the midpoint of the water scatterer.
_ The quter depl’h_ranéed between 10 cm and 20 cm, fhereby introdué:iﬁg scattering comparable
to that which would be present in a clinical §itﬁori§n. The confrasts ca!cuiared are all
i-eferred‘ t.o the unperturbed half of the fi(_eld; Experiments weré conducfed'usiﬁg qlﬁrﬁinum

(as an approximation for bc_:_ne), Renqgmfin-éo, and aif,



The.resuhs are shown m Figs. 2 through 5. The values ;:'f the ordinate were computed
: 'by; selecf.ing two adjacent areas occupying a tabletop area of 1.5 e’ (320 picture elements)
edc;h having its hor_izolntt‘:l cenfer. line at the center of l-h.e x-ray field and interior edges 1 cm .~
from the ubsorber or cavity 'edg.e.
Fig. 2 shows the response cﬁrves ;:abtai_ned for aluminum absorbefs. A was ﬁbtui_ned
using 120 kVp and d Qdfer' depth of 20 crr;. B represents the data for 1700 kVp and 15 cm
of water. C was obtained wing 90 kVp and 10 cm of water.
Fig. 3 shows the results for various concentrations of Renografin-60 .. Aisfora
'IO percent sol'uﬁbn, B for 25 perceﬁf, and C for 50 percent. The fhickness of the wa;e::-.
phantom wés 20 cm und-f-he.tlube potential 120 kVp. The Renografin -0 ﬁoldrions were
eonféined in plexiglas:s c,;ontu-i;;ners huving a thickness of ‘(‘].25“ . These we;-e supporfédén a
pl.dr‘ﬂ-:rm of f};éS" po!ysﬁgene. Equal rhicknesses of these materials were ﬁlaéed in the other .
| half of the field and the water Ieve:l reduced a¢§o:;dingly. |
" Figs. 4 and 5 show the results obtained with air cavities. The..geémefry wos "idenﬁcql
to that used ro;obh::ip t‘he.RenogruFin-éo data. Fig.'4‘sh'ow§ the compiete‘ response while
Fig. 5 s_hows the data ;::bfained for thin éaviriés on an expand.ed scale. _The data in Fig. 4
was; obtained using 120 kVp and 20 em wate;rr. Curve A, in Fig. 5 is fhe. same ‘data plotted
on an éxpanded scale, while B is that obtained using a pof_entidl-of 100 kVp c‘:nd20 cm waiér.
Usfng the slo_ﬁe of the initial straight portions of these ;:urves (or strdiéht lines), one
can obtain a value for the minimrum degree of contrast that can be reliably differentiated in
each case. We chqose to use a value of i-wc; standard deviations fo.deferming these. The
‘results are shown in Table §, in all cases less ihorj 1 mm of 'maférial can be detected even in
fhe presénce of a large scattering volume. In previous work we have found that fhe.addition
of a 1_2:1 moving grid was Fo-..m'd to _?mpfové the .contridst‘oF the image substaniially.

t



Howevér‘, in élinical uselthis would, of course, inéreqse the pqriént dose. We have not
measured this effect .qﬁun’ri’raﬁ.vel)./ .

“In all cases ihe response, when treated as contrast, shows d linear response with
ubsorber thickness up to considerable thlcknesses. This is not a case oF stmall absorber
thickness giving a fruly expt_menﬁal response-und.bemg approxumuted. by a hngur function.
The data does not plot linearly when treated; semi -logcrifhmicqll-}. (f we ignore scatfering
cmd other perturbmg factors 5uch as curvature of the input screen and inverse square effects,
the conatrast or relative video signal Ievels are given by: |

- Rot  ~pt '
C:I-ez e ]. ' Wm

where; My = attenuation coefficient of water
By T attenuation coefficient of absorber
t = absorber thickness,

For small t, this reduces to:
C plr(l | uzf) ‘“2*~ | | (2

At targer thicknesses the response does not remain linear but decreases in the case of
ubsorbers which are more dense or have a greater linear absorphon coefficiant rhan water
and increases more rapldly with cavity size in the case of air. ln the manrier in whtch our

data was computed Equation (1) becomes for air- cuv:hes,_

‘ ) Ut
'C=‘I-¢‘:-!‘l'2fe'l ' ' (]l)



dnd for smatl cavities,
c—_—u2f(]-p]f)*p.,lf N {2)

attenuation coefficient of air

where; i
t = cavity thickness

The minimum detectable contrast seems to be mainly limited by scatter and elecironic

hoise. Both of tha:se ﬁ're amendble to improvemeﬁts in the expérimeﬁtui set=up. However;
‘decreas.ing Scotter by the addition of a grid w‘ifh a higher ratio would involve aﬁ increase
in patient ciose. Signal~to-noise rofios can be increased by any number of electronic
improvements in circuitry, system config‘urqfion, and digirizaﬁoh equipmer;t.

The linearity of the system's response to clfiunges in contrast over a rathéi- large
range of clinically interesting values will tend to make qp‘anfitaﬁve .derénﬁinuf.iphs. simple,
accurate, and allow exrrapoiatién of experimental data for orhér calculations. The val_ues‘ .

 given'in this paper would certainly be 'difFe'renf using another system or with a 'chun‘ge in
.'c.omponenfs'. However; we feel the val.njes given, the form of théis;.rsi'-emfs i'eéponse, and -

minimum detectable- contrasfs are typical of what can be expected from this type of system.



CONCLUSIONS

1. The res;ponse of digfrized fluoroscopic irr'nbg'ing systems is linear with coﬁ_rrusr |
over d rather wide rcnge. of absorber and cavity thicknesses. |

2. Contrast changes assaciated w_rith the addition of aluminum, fodine contdining |
contrast agents and air of thicknesses 1 mm or less can be detected with a 95% confidence
level.

3. The standard deviation associated with such deterr‘ninaﬁons‘usipg-clinicd“y
available x-ray generators and video disc recording is less than 1 percent.

A large flat screer xﬁ‘ay imuge ih’rensifée‘r has been constructed and some préliminury
results obromed Sensmv:fy achleved makes dose rc.aduchon a Factor .oFren greater rhcn
prevuously reported for our System usmg a convenﬁonal x-ray |mage intensifier. A paper
- descrlbmg these results and a compur;son of the i images obtalned wufh that of the convenhonul

device will appear Shortly in the bulletin of the SPIE.
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FIGURE CAPTIONS

Woter phantom used to determine system response o variations in conirast

levels,

System response fo varying contrast {evels produced by aluminum absorbers.

~A: 120 kVp, 20 cm water scatterer.

B: 100 kVp, 15 cm water scatterér,

C: 90 kVp, 10 cm woter scatterer.

System response to varying contrast levels produced by several comentrahons
oF Renograﬁn-éo - The water depth was 20 cm and the rube porenhal 120 kVp.

A: -10 percent concentration;

B: 25 percent, and

C: 50 percent.

System response to varying controst levels produced by dir cavities when

introduced into 20 cm of water using 120 kVp..

System response to vcrymg contrast levels produced by air cavities when

mtroduced into 20 cm of water.

.Curve A, is for 120 kVp (same data as used in Fig. 4), and

Curve B, is for 100 kVp. |
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| Fig. 1 Water phantom used to determine system response to .
variations in contrast levels. |



* PERCENT RELATIVE VIDEO SIGNAL LEVEL (Contrast)
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Fig. 2 System response to varying contrast levels produced by alumi num-abswbeﬁ. - ,
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Flg- 3 System response to.varying contrast Ievels produced by several concentrations of
Renografin—60.. The water depth was 20 cm and the tube potential 120 kVp “A: 10 percent

concenfrahon, B: 25 percent, cmd C: 50 percent.
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Fig. 4 System response to varying contrast levels produced by .
air cavities when introduced into 20 cm of water using 120 kVp.
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Fig: 5 System response to varying'cont_fdét levels pr'dduced by air cavi ties when ihtroddcgd
into 20 ¢m of water. Curve A, is for 120 kVp (same data as used in Fig. 4), and Curve B, .
is for 100-kVp. : : s - L



TABLE |

* MINIMUM DETECTABLE CONTRAST LEVELS c )

Material Water Depth - Tube Potential Standard Deviation Thickness of Material
' o A{em) (kvp) ’ (percent) {mm) Corresponding to
: o ' C, aot20 |
. min
Al .10 0 0.849 0.6 .
Al 15 100 0.465 0.5
Al 20 - 120 0.723 0.6
10%, Renogrqﬁn-& 20 120 7 1.10 08
25%, Renografin-60 20 120 0.578 0.2
50%, Renografin=60 20 120 ' 0.828 0.1
Air 20 100 0.797 0.4
20 0.9

Air

120

0.802




